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available energy. This is true consistently with what is proved later on if the electrodes (i. e. the points at which the current enters or leaves the region included in the cell) are of the same material and at the same temperature. This is assumed.
A perfectly reversible element may therefore be defined as one in which no available energy is lost by the passage of electricity between the poles or by any of the ofcher transformations contemplated in reversible thermodynamics. If then a quantity e of electricity passes between the poles in one direction and an equal quantity then passes in the opposite direction, no other change taking place (the transformation being adiabatic) the element will return to its original physical and chemical state.
159. Application of Thermodynamic Equations. When in addition to the last mentioned changes heat may pass to or from the element, other changes being excluded, the element behaves as a simple system, and its state at any instant can be specified by two coordinates, namely the whole quantity of electricity that has passed between the poles, denoted by e, and the entropy, or the temperature. That e can be regarded as a coordinate is most readily seen when the circuit is completed by a condenser.
Since Ede is the external work done corresponding to the variation de, we have by the laws of thermodynamics
(287)                      dU^TdS-Ede.
If then
fr-ZJ-rfif,
%e will be the thermodynamic potential corresponding to %v for a simple substance, and we shall have
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a relation first obtained lay Gibbs.
Since d%e is a perfect differential
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Putting
we obtain
(290)                                Ji = E-
11* an air-condenser with parallel plates) included in the circuit giving rise to an equal and opposite electromotive force, and when a quantity of electricity de flows from the positive to the negative pole of the cell through the motor or in the same direction relative to the cell in connection with the condenser, a quantity of external work Ede will be done by the motor or by the attraction of the plates of the condenser. On reversing the process an equal quantity of available! energy must be supplied from without, in the form of mechanical work. In this statement it is assumed, consistently with the principles; of electrostatics or electromagnetism that the electrical energy passing to or from the condenser or motor is wholly of the nature of S only can occur in one phase, giving four phases altogether, in accordance with the rule.
